Brito, J., Lopes, L., Conceição, A., Costa A.M. & Louro, H. (2014). Wheelchair Stationary roller versus velodrome for maximal cycling test: a comparison. J. Hum. Sport Exerc., 9(1), pp.7-16. The present study aimed to compare the acute cardio-respiratory responses of elite cyclists to a maximal progressive exercise carried out in two different conditions: in a laboratory (using a braked roller) and in an uncovered velodrome. In both testing conditions, ten elite male cyclists (age, 22.3 ± 3.9 years) performed a maximal discontinuous progressive test of 6 minutes per level with 150 W of initial load and increasing 50 W at each level until exhaustion. The heart rate and the ventilation parameters were measured breath-by-breath using a portable metabolic cart gas analysis system with telemetry data transmission. In the first 4 levels of effort, no significant differences were found between the two test conditions regarding VO2, (p=0.193), heart rate (p=0.973) and pedaling cadence (p=0.116). Comparing the maximum values achieved by each athlete in both exercise conditions, significant differences were found for heart rate (p=0.008) and pedaling cadence (p=0.005) but not for VO2max and peak power. Each variable showed a strong correlation between both assessments (VO2, r=0.984, p=0,000; heart rate, r=0.944, p=0.005; pedaling cadence, r=0.900, p=0.014). The amount of variability explained by the linear regression model for both cardio-respiratory parameters also showed a good fit value close to one (VO2max, r2=0.968; heart rate, r2=0.892). Our results suggest that identical cycling protocols conducted in different testing conditions with the same bike leads to equivalent performance but significantly different pedaling cadence and heart rate responses.
INTRODUCTION
Several authors have expressed doubts about the similarity of physiological responses obtained in laboratory cycling protocols relative to those obtained in field tests (Bertucci et al., 2005; Gardner et al., 2007; Lucía et al., 2000) . Laboratory tests have the advantage of being performed under a well-controlled environment, allowing the obtaining of variables usually difficult to measure in outdoor conditions. However, there are limitations on the use of such tests, such as the difficulty in accurately reproducing the position of the athlete on a cycle ergometer. Although various laboratory tests have been validated, the use of specific equipment, similar to that used in training and competition, is one aspect to consider in selecting a test (Padilla et al., 1996) . Moreover, to perform a specific laboratory test in cycling, it is important to use equipment adjusted to the cyclist. Indeed, during a traditional anaerobic assessment using a Monark cycleergometer, experienced cyclists usually have difficulty in adapting to a position different from that used in competition (Bertucci et al., 2005) ; the mechanical characteristics of ergometers are clearly dissimilar .
Is common knowledge that morphological variables (body mass, height, body surface and frontal area) can significantly impact cyclist performance over different types of terrain and competition stages (Swain, 1994) . For this reason several studies have used power output as a control parameter of cyclist effort in various contexts of assessment (Duc et (Prins et al., 2007) have suggested that performances obtained in field tests seem to indicate with increased reliability the athlete's power output in relation to body mass. This seems to occur because cycling energy expenditure is highly dependent on body surface area, equipment used and also the ability to reduce air drag (Heil et al., 1995; Padilla et al., 1996) .
Most studies comparing the physiological responses obtained in laboratory cycling protocols versus outdoor tests are conducted with stationary bikes. Thus it seems relevant to analyse whether the use of a classic racing bike at a stationary roller during a maximal test protocol can reproduce the results of the same test protocol when performed in real field conditions. In this sense, our study aims to compare the acute cardio-respiratory responses of elite cyclists when performing the same maximal progressive exercise in two different test conditions (laboratory and 400m open air velodrome).
MATERIAL AND METHODS

Participants
Ten male elite road cyclists (mean ±SD, age, 22.3 ± 3.9 years; weight, 66.7 ± 7.8 kg; height, 175.1 ± 8.2 cm; body surface area (BSA), 1.81 ± 0.15 m2; percentage body fat, 6.71 ± 1.57% ) participated in this study. These elite athletes train 9.3 ± 0.4 (mean ±SD) sessions per week and regularly participate in cycling competitions at international level. All measurements were taken immediately before the main national or international competitions to ensure that athletes would be in a state of good overall performance. Subjects were informed in advance about procedures and asked to sign a form of consent that had been approved by the local sport sciences research ethics committee and implemented according to the Helsinki Declaration.
Measures
The subjects used a classic racing bicycle (Specialized, USA) equipped with a potentiometer SRM Wireless Training System -Science with an accuracy of ±0.5% (Schoberer Rad Messtechnik, Germany) on a VOLUME 9 | ISSUE 1 | 2014 | 9 braked roller (Tacx Flow, Wassenaar, Netherlands) for the laboratory tests and the same bicycles on a 400 meters velodrome track, in a racing position (i.e. fully dropped posture with the hands on the lower section of the handlebars). The mass of the bicycles was approximately 10kg, with slight variations depending on the size of the frame, which was adapted to each rider's morphology. All the subjects used clip-on pedal systems, and wore similar shorts, jersey and non-aerodynamically-designed safety helmets throughout the test.
In both test conditions, the heart rate and the ventilatory parameters were measured by a telemetric portable gas analysis system (Cosmed®, model K4b2, Rome, Italy). The two tests were conducted with a 5-7 days interval. Before and during the velodrome test sessions, wind speed was measured with an anemometer Xplorer laptop brand, model 3 SkywatchXplorer (JDC Electronic, Yverddon-les-Bains, Switzerland). All tests were carried out at wind speeds of less than 15 km.h-1, this being considered the limit for which air resistance is negligible (Pugh, 1971 ).
Procedures
Anthropometric data: All anthropometric measurements were assessed according to international standards (Marfell-Jones et al., 2006) and prior to any physical performance test. Body weight was measured (with subjects wearing light clothing and without shoes) to the nearest 0.1 kg using a mechanical scale (SECA®, model 841, Germany) and height was measured to the nearest 0.1 cm with a stadiometer (SECA®, model 214, Germany). The percentage of total body fat was assessed using a bioelectrical impedance device (Tanita tetrapolar bioelectrical impedance analysis, Model TBF-310, Tanita Corporation of America, Inc, Arlington Heights, IL; Tanita-BIA), according to the manufacture's evaluation assumptions.
Maximal progressive exercise protocol:
The maximal progressive test in both conditions (laboratory and velodrome) was carried out in random order and each test was initiated only when the VO2 values were similar to baseline.
Each subject performed 10 minutes of warm up (Prins et al., 2007) . The test protocol consisted of a discontinuous progressive incremental test of 6 minutes duration per level with a 150 W of initial load and increasing 50 W at each level until exhaustion (suggested by Padilla et al., 1996 , and adapted by Amann et al., 2006) . Since this was a discontinuous maximal protocol, the recovery intervals were defined for each athlete according to their VO2 values measured at rest.
Each individual selected the gear ratio for the different levels according to preference. Equally, the pedaling cadence was that preferred by each cyclist (between 90 and 120 rpm) assuming that this parameter had no interference with the maintenance of power output (Lucía et al., 2003) . Subjects always controlled the instantaneous and the average power output through a monitor device (Schoberer Rad Messtechnik, Germany) attached to the bicycle handlebar.
At baseline and during exercise, expired gases were continuously measured. The expired gases were collected breath-by-breath, and then averaged for 15 seconds intervals (Aisbett & Le Rossignol, 2003) ; the average values for each minute were later calculated (McCann & Adams, 2002). VO2 stabilization was established when the variation in oxygen uptake was less than 2.1 ml.kg-1.min-1 in fourth consecutive values of 15 seconds (Whipp & Rossiter, 2005) . Before each test, time delay and reference air calibration of the device was performed using a gas sample with 16% of O2 concentration and 5% of CO2 concentration. The flow meter was also calibrated before each testing using a 3000 ml syringe, according to the manufacturer's recommendation.
The heart rate was also continuously monitored and recorded using a Wireless Double Electrode (Polar Electro, Oy, Finland). Heart rate registration was beat-by-beat and then averaged to 15 seconds intervals.
The following procedures were fixed at outset: the conditions of temperature and humidity (20 to 22 °C and 50 to 60%, respectively) were kept stable; the subjects did not perform the exercise in the 24 hours prior to tests and the intake of medication and alcohol was similarly restricted; food or caffeine intake was forbidden for 3 hours before the test.
Analysis
All data for this study were analysed using SPSS computer software for Windows (version 18.0). Data are presented as mean and standard deviations (±SD). A repeated-measures analysis of variance with Bonferroni adjustment was used to analyse the differences between the mean values of each protocol. The sphericity was tested by Mauchly's test. The Greenhouse-Geisser épsilon correction factor was also used when appropriate. The Pearson correlation coefficient was used to evaluate the associations between the cardio-respiratory measures of both protocols. The T-test for pared measures was also used to compare the maximum VO2 values obtained by each subject in both test conditions. Statistical significance for all analyses was as accepted at p ≤ 0.05. For the first four levels of effort (that all athletes completed), no statistical differences (p>0.05) were found between both tests for VO2 consumption, heart rate and pedaling cadence.
RESULTS
Our data show a high correlation coefficient between the two test protocols (laboratory and velodrome) regarding the dependent variables (VO2, r=0.984, p<0.000; heart rate, r=0.944, p<0.005; pedaling cadence, r=0.900, p<0.014). The amount of variability explained by the linear regression model for both cardio-respiratory parameters also showed a good fit value close to one, (VO2max, r2=0.987; heart rate, r2=0.892), which suggests that the linear relationship between both test conditions is strong, particularly for the VO2. The heart rate and the pedaling cadence are significantly different (p<0.05), although the VO2max and the peak power are quite similar in both tests conditions. The peak power has a high standard deviation because the levels of exhaustion achieved by each cyclist were not identical: four cyclists achieved exhaustion at 300W, four at 350W and two at 400W.
Figure 1. Linear regression between the mean values of oxygen consumption (VO2) at both test conditions)
Figure 2. Linear regression between the mean values of heart rate (bpm) at both test conditions)
DISCUSSION
Some studies have reported the existence of significant differences in some measured parameters between tests performed in laboratory and real contexts (Gardner et al., 2007; Padilla et al., 1996; Prins et al., 2007) . Nevertheless, most of these studies used modified protocols in that for both test conditions the VOLUME 9 | ISSUE 1 | 2014 | 13 evaluation methodology was not fully replicated. Therefore, it is questionable whether the differences are due to methodological bias or to variant evaluation conditions (Padilla et al., 1996) . This study aimed to compare the acute cardiorespiratory responses to maximal progressive exercise in a laboratory (using a fixed roller) and in a 400 meters velodrome.
Our results have shown very similar acute responses for all considered parameters in the first 4 levels of effort for both test conditions, there were no significant differences. Padilla et al. (1996) also reported similar values of peak power, heart rate and VO2max, though blood lactate concentration was highest in the velodrome. Likewise, Gardner et al. (2007) , using a cycle ergometer, found no significant differences between the peak power obtained in field conditions (velodrome) versus a laboratory.
Several studies show that the oxygen uptake does not vary significantly with the type of resistance imposed on the cycle ergometer (frictional resistance versus real context) (Padilla et al., 1996) . Our results point to a power output value at which the VO2 appears similar between the two assessment conditions: ranging between 72 and 74 ml/min/kg for 275 to 280 W. Beyond the fourth level of effort, the VO2 measured in laboratory remains almost unchanged. In the velodrome, VO2 continues to increase in successive levels. From our point of view the pedaling cadence in the laboratory could have affected the VO2 at level 5 and 6, given the significant differences found in the maximum pedaling cadence between the two test conditions (table 2) . However, the pedaling cadence did not influence athlete performance, since no significant different was found between the peak power obtained in both tests. This seems to agree with some authors who also claim that increasing pedaling cadence does not alter mechanical efficiency ( (1992) reported that when trained cyclists exercise intensely (80-90% VO2max), gross is similar at different rhythms (60, 80 and 100 rpm), despite the significant increase in the oxygen cost of unloaded cycling. Such data is not corroborated by our study results, since VO2 did not increase linearly in situations of higher cadences and power output.
Another justification can be argued when examining the technical performance of the cyclist. In fact, Duc et al. (2006) reported that the type of the cycloergometer used could affect the pedaling motion. According to these authors, muscle fatigue during long and intense exercise may occur faster among cyclists on a stationary ergometer compared with those on a motorized treadmill or in a field condition. The differences can be explained by the lack of lateral oscillations -the orientation of the applied force on the pedal is more effective when the rider can swing laterally to the bicycle axis. Another factor, which may explain the differences between test conditions, is related to the constant resistance of the ergometer brake, requiring cyclists to maintain a constant muscle tension during each pedal stroke.
Our data suggest that the VO2 stabilization occurring at the 4th level (laboratory test) may be explained by the increase in pedaling cadence for values above a preferred zone considered economic by most riders, generally between 90 and 100 rpm (Lucia et al., 2001 (Lucia et al., , 2004 . Firstly, as noted above, this increase in the pedaling cadence may be explained by changes in technique, since lateral oscillations were not allowed. Secondly, the friction on the bicycle wheel on the roll surface will theoretically be less than on the surface of the track. It was also found that all riders opted for a higher gear ratio during the laboratory protocol (leading to greater pedaling cadence) compared to the velodrome test.
Looking at the heart rate results, no significant differences were found between the two testing conditions in the first four levels of effort. However, one can note considerably higher heart rate values for the same power output in the laboratory protocol within the first protocol level. Conversely, Padilla et al. (1996) identified significant differences in the heart rate values at submaximal intensities, being higher in the velodrome as compared to the heart rate response during the laboratory protocol. Dias et al. (2007) suggested that the higher the absolute power output attained during the test, the lower will be the effects of the pedaling cadence on mechanical power and therefore on heart rate.
The heart rate recorded at the level corresponding to each athlete's VO2max varied significantly between both protocols. These results are consistent with the data presented by Rowell and O`Leary (1990) in which it appears that heart rate follows increased pedaling cadence.
According to Dias et al. (2007) sub-maximal tests with physically active individuals generally show that cycling at the same mechanical power, obtained with combinations of cadence and different resistive load, leads to heart rate, blood pressure, double product and perception of effort differences, especially if the cadence is above the economic range (50-60 rpm). However, our data also shows that the heart rate response shows a linear trend with increasing power output while the pedaling cadence seems not always to exhibit this behaviour. Indeed, we suggest that pedaling cadence may not be the only determining factor for the increase in heart rate during cycling laboratory testing. We believe that the reason for the heart rate increase between the two evaluation conditions may be related to thermoregulation. Several authors (Abbiss & Laursen, 2005; Cheuvront et al., 2003) stated that increased heart rate (particularly above 130 bpm up to maximum) is strongly correlated with increasing body temperature. In fact, hyperthermia leads to reduced stroke volume and consequently an increase in heart rate without noticeable changes in VO2 (González-Alonso et al., 1999). In our study, the average environmental temperature was 20-22 °C for laboratory and 24-26°C for velodrome testing, however the airflow during the velodrome test can deeply affect thermoregulatory effectiveness (Adams et al., 1992) and, by consequence, heart rate response. In our study the possible differences in thermoregulation between both test conditions did not affect the external power (no significant differences were found for peak power). However, even considering that body temperature may affect power output, this seems not to be the only limiting factor (Abbiss & Laursen, 2005) . In fact, it is unclear whether there exists a critical temperature at which cyclist performance is affected since power output values do not appear to differ significantly with increasing body temperature (Hunter et al., 2002; Tatterson et al., 2000) . More studies on this issue are needed.
In agreement with Padilla et al. (1996) , we also suggest that physiological values measured in a laboratory should be expressed in relation to body surface area or body mass, to better predict the actual performance of the cyclist in a more specific situation. Speed for the same power varies according to aerodynamic drag, wheel friction, gravity pull and the mechanical resistance offered by various bicycle parts (gear, chain, shaft, etc.). The absence of such interference in the laboratory tests may fail to discriminate actual performance. In the present study tire pressure was controlled but not the differences in wheel friction between test surfaces. This is therefore another factor that warrants consideration in future comparative studies.
In short, our study reinforces the importance of specificity in the methods of evaluation and the monitoring of training, particularly in cycling. Testing protocols under real conditions seems to be the preferred option (Padilla et al., 1996) . However, it is crucial to be able properly to control the external variables that affect performance and may thus lead to misinterpretation. VOLUME 9 | ISSUE 1 | 2014 | 15
CONCLUSIONS
The present study allows us to conclude that identical cycling protocols, carried out in different conditions (laboratory and velodrome) with the same bicycle, lead to equivalent performance (peak power and VO2max) but significantly different pedaling cadence and heart rate response. We believe that both conditions are equivalent in terms of performance. However, the differences in the pedaling cadence lead us to suggest that in laboratory testing, cyclist technique differs though this factor is less important for performance than testing in real conditions. In addition, airflow during an outdoor test may likely affect thermoregulatory effectiveness and, by consequence, heart rate response.
